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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . Approach which carries out conditioning of a exhaust gas (A) by nonthermal ordinary pressure 
discharge in gases first, and is characterized by performing process which carries out catalytic 
reduction (SCR) of oxidization harmful matter selectively, adding reducing agent (R) b Continuously 
in approach for emission gas purification of machine driven with fossil fuel like especially 
combustion engine or diesel power plant for removing oxidization harmful matter in exhaust gas 
containing oxygen. 

2. Approach according to claim 1 characterized by nonthermal ordinary pressure discharge in gases 
being discharge which inserted dielectric. 

3. Approach according to claim 1 that nonthermal ordinary pressure discharge in gases is 
characterized by corona discharge especially shape of pulse, and being corona discharge of direct 
current. 

4. Approach according to claim 1 that nonthermal ordinary pressure discharge in gases is 
characterized by being pulse-like glow discharge. 

5. Claim 1 characterized by nitrogen monoxide (NO) oxidizing to nitrogen dioxide (N02) for 
nitrogen-oxides (NO) decomposition by discharge in gases thru/or approach of any one publication 
of four. 

6. Approach according to claim 5 that energy expenditure for oxidation of nitrogen monoxide (NO) 
within discharge in gases is characterized by falling compared with oxidation without addition with 
hydrocarbon added by exhaust gas or it existed in exhaust gas. 

7. Approach according to claim 5 or 6 characterized by using ammonia (NH3) as reducing agent, and 
making water (H20) and nitrogen (N2) generate as resultant on the occasion of alternative catalytic 
reduction (SCR). 

8. Approach according to claim 7 characterized by thing from NO to N02 for which ratio of 
oxidation is maintained to 50% or less. 

9. Approach according to claim 8 characterized by thing from NO to N02 for which ratio of 
oxidation is controlled by power in which adjustment for discharge in gases is possible according to 
exhaust gas parameter and catalyst mean temperature of NOx mass flow rate and HC mass flow rate. 

10. The approach according to claim 9 which is characterized by drawing an exhaust gas parameter 
from a characteristic curve in the case of an engine. 

1 1 . Claim 1 characterized by using a hydrocarbon (CxHy) as a reducing agent and making water 
(H20), a carbon dioxide (C02), and nitrogen (N2) generate as a resultant in alternative catalytic 
reduction (SCR) thru/or the approach of any one publication of six. 

12. The approach which carries out conditioning of the a exhaust gas (A) in a nonthermal ordinary 
pressure discharge in gases first, and is characterized by carrying out catalyst decomposition (SCD) 
of the product produced from oxidization harmful matter in the discharge in gases b Continuously 
selectively in the approach for the emission gas purification of the machine driven with a fossil fuel 
like the approach for removing the oxidization harmful matter in the exhaust gas containing oxygen 
especially a combustion engine, or a diesel power plant. 

13. By Alternative Catalyst Decomposition (SCD), it is Nitrogen (N) about Nitrogen Oxides (NOx). 
The approach according to claim 12 characterized by decomposing into oxygen (02). 
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14. The approach of the publication according to claim 12 or 13 characterized by starting flue gas 
treatment at temperature lower than the start temperature of the catalyst process performed without 
plasma conditioning. 

15. The approach according to claim 14 characterized by performing discharge-in-gases processing 
in temperature higher than the threshold temperature of the catalyst process performed without 
plasma conditioning. 

16. The approach according to claim 14 characterized by being carried out in temperature higher 
than the threshold temperature which the volume of a catalyst decreases as compared with the design 
in actuation without plasma treatment, and is used for a catalyst process [ a discharge in gases ] 
without plasma conditioning. 

17. The approach according to claim 14 characterized by the ability to extend by cooling of exhaust 
gas (A) with the operating range of emission gas purification higher than the maximum temperature 
of the catalyst process used. 

1 8. In Order to Enforce Approach for Emission Gas Purification of Other Machines Driven with a 
Fossil Fuel like Approach for Removing Oxidization Harmful Matter in Exhaust Gas especially 
Combustion Engine, or Diesel Power Plant, In the equipment for carrying out the process according 
to any one of claims 1 or 12, claims 2-11, or the claims 13-17 Equipment characterized by having the 
series circuit of at least one module (1) equipped with a discharge-in-gases area, and at least one 
module (2) equipped with a catalyst area. 

19. Equipment according to claim 18 characterized by carrying out serial arrangement of two or 
more units (6) equipped with the module (1 2; 1 two ...) which consists of one discharge or a catalyst 
area, respectively by turns. 

20. When Using SCR Catalyst in Equipment for Enforcing the Approach of Any One Publication of 
Claim 1-11 for Catalyst Area, it is Exhaust Gas (A) about Reducing Agent (R). 

Equipment according to claim 1 8 or 1 9 which a reduction operation is max and is characterized by 
for an intact reducing agent (R) beginning to leak and supplying in the part whose (s) is min in 
inside. 

21 . About Reducing Agent (R), it is Nonthermal Ordinary Pressure Discharge-in-Gases Area (1) of 
1 st Step at Least. 

Equipment according to claim 20 characterized by adding to exhaust gas (A) by ******, and 
activating a reducing agent (R) by the discharge in gases. 

22. Equipment according to claim 20 characterized by what a reducing agent (R) is supplied for 
behind a nonthermal ordinary pressure discharge-in-gases area (1) when not performing activation 
by the discharge in gases. 

23. a conditioning of a reducing agent (R) sake ~ a conduit (3) or exhaust gas ~ the equipment 
according to claim 20 characterized by establishing the catalyst (7) the nonthermal front or behind 
[ nonthermal ] an ordinary pressure discharge-in-gases area (1). [ in a conduit (4) ] 

24. Claim 18 characterized by the means for controlling leakage **** of an intact reducing agent 
existing thru/or equipment of any one publication of 23. 

25. The concentration of the reducing agent in the outlet of an exhaust gas purge is equipment 
according to claim 24 with which it is characterized by measuring ** by the optical electrochemical 
sensor. 

26. Claim 18 characterized by establishing the means for controlling discharge-in-gases power 
depending on the mean temperature of NOx in exhaust gas, HC mass flow rate, and a catalyst thru/or 
equipment of any one publication of 24. 

27. Claim 18 characterized by establishing the means for controlling the addition of a reducing 
substance according to the mean temperature and discharge-in-gases power of NOx in exhaust gas 
and HC mass flow rate, and a catalyst thru/or 24, and equipment of any one publication of 26. 

28. Equipment according to claim 26 or 27 with which the information about NOx and HC mass 
flow rate is extracted from an engine characteristic curve, and it is characterized by being used for 
control of an engine. 

29. in order to determine NOx and HC mass flow rate, NOx and HC concentration are optical ~ it is 
— it is — the equipment according to claim 26 or 27 which is measured by the electrochemical 
sensor, and is incorporated by the characteristic curve of the engine about an exhaust gas mass flow 
rate, and is characterized by being further processed with the information used for control of an 
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engine. 

30. Equipment according to claim 26 or 27 characterized by measuring the mean temperature of a 
catalyst electrically. 

31. The engine characterized by attaching the unit (15) for controlling the amount of supply of a 
reducing agent (R) further to the unit for engine control (14) depending on the unit for control of a 
discharge in gases (13), and the case in the engine equipped with the unit for the equipment 
according to claim 1 8 thru/or any one of the 30, and engine control, especially a diesel power plant. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Approach for removing the oxidation harmful matter in the exhaust gas containing oxygen And 
equipment and the engine which this drives This invention relates to the approach, the equipment, 
and the engine that this drives for purifying the exhaust gas of a machine like especially a diesel 
power plant driven with the approach and the equipment especially the combustion engine, or the 
fossil fuel for removing the oxidation harmful matter in the exhaust gas containing oxygen. Together 
with this, this invention relates also to the engine driven with this approach and obtained equipment. 
The exhaust gas which occurs in a combustion process is one of the main sources of blowdown of 
the air pollution matter. Nitrogen oxide, a sulfur dioxide, a hydrocarbon, a carbon monoxide, soot, 
etc. are contained especially in this pollutant. For the Otto engine operated especially by the excess 
air ratio lambda= 1 , it is conventionally common to use the three way component catalyst which 
removes nitrogen oxide, a hydrocarbon, and a carbon monoxide effectively. This catalyst is not 
restrictively suitable about a diesel power plant and the Otto lean-burn engine (lambda> 1). Although 
only a hydrocarbon and a carbon monoxide are fully disassembled saying, it is because there are 
many oxygen contents in exhaust gas, so nitrogen oxide is not reduced, the former ~ this kind of 
engine ~ being related ~ a pollutant high enough ~ the catalyst of a class with resolution and a life 
did not exist. 

Various attempts are made that the harmful matter in the exhaust gas of a diesel power plant and the 
Otto lean-burn engine should be removed, and it argues about the so-called alternative catalyst- 
reduction (SCR=selective catalytic reduction) of nitrogen oxide widely. 

Although it is in the condition (lambda> 1) that air is superfluous, however deliberates upon the 
hydrocarbon (HC=hydrocarbons) as a reducing agent thin about the Otto engine of the direct- 
injection (DI) mold operated by lambda= 1 in the state of the partial load at the time of a full load If 
a well-known technique is followed In order to perform effective reduction An amount with 
superfluous ** It is necessary to add (for example). [ A.Fritz, "The current state of research on 
automotive lean NOx catalysis" of V.Pitchon work, ] [ Applied ] Refer to Catalysis 
B: Environmental, 1 3 volumes, and the l-25th page (1997). The reason has a hydrocarbon in 
oxidizing in catalyst again by the oxygen contained in exhaust gas. It is thought that this process 
advances further by lifting of temperature, and the upper limit temperature of 550 degrees C is 
specified about the activity of a HC-SCR catalyst in connection with this. A lower limit becomes 
settled by initiation of NO reduction, and is 300 degrees C or more than it according to a catalyst 
ingredient. Other policies about a direct-injection mold Otto engine are shown in "Nox- 
Speicherkatalysator (for example, refer to Automotive Engineerinng, 105 No. 2, and 133-135 pages 
(1997)). Then, are recording of nitrogen oxide takes place in a thin operation situation, and in a 
periodic short phase, this nitrogen oxide is in a remarkable thick operation situation, therefore is 
reduced in catalyst under blowdown of a high hydrocarbon. Also when based on this well-known 
technique, the hydrocarbon is not used effectively. 

In a Diesel motorcar, thick operation is theoretically impossible. Therefore, in this case, ammonia is 
used as a reducing agent and an SCR process is provided with this by hydrolysis of a urea (ammonia- 
SCR and urea-SCR). The situation referred to as having to carry ammonia directly for the equipment 
of a migration mold in this way is avoided. As a practical question, the reduction ratio of nitrogen 
oxide has reached to 70% or more in the equipment of a migration mold. The particulars of this 
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approach are having to carry a urea in the auxiliary tank of an automobile. This approach operates 

within an about 200 to 550 degrees C [ a maximum of] temperature interval. 

Therefore, it is checked that a problem generally arises in the full load conditions on which the 

temperature of exhaust gas exceeds 600 degrees C selectively again in an engine preheating phase 

and a low partial load, for example, municipal traffic, about the SCR method. 

It is possible to reduce nitrogen oxides from automobile exhaust also with the equipment of the 

plasma chemistry-approach which was stated to the German patent application disclosure No. 

4231581 description, the German patent application disclosure No. 4416676 description, the 

international patent application disclosure/[ 97th ] No. 03746 description, and the U.S. Pat. No. 

5476539 description, and attachment. 

In this case, the chemical reaction which disassembles nitrogen oxides by the so-called nonthermal 
ordinary pressure discharge in gases within the plasma starts. 

"A nonthermal ordinary pressure discharge in gases" means making a plasma process start, without 
the electron of high energy heating gas remarkably in that case by generally burning in ordinary 
pressure here. The discharge (silent) which inserted the dielectric, corona discharge, and the glow 
discharge driven in pulse belong to this (for example, B.Eliasson, U). 

"Noneequilibrlum Volume Plasma Chemical Processing" written by Kogelschatz, and IEEE 
Trans.Plasma Sci. ~ the 19th volume and No. 6 (1991) - reference. The particulars of this plasma 
chemistry-approach are in the point of returning to N2 and 02 which are a desired product with 
[ oxidize nitrogen oxide mainly to N02 and HN03, and ] energy expenditure comparatively high 
only about few parts. The combination of the discharge in gases stated to the U.S. Pat. No. 3983021 
description and European Patent application disclosure 0659465 description and direct contact of a 
catalyst has not resulted in the success until now. This is because a series of catalysts cannot be 
especially used as a dielectric. Under an exhaust gas component with a fixed catalyst, for example, a 
dense hydrocarbon, it says because weak conductivity is especially shown, silent discharge is made 
difficult or it prevents completely. Furthermore, in there, addition of a reducing substance is not 
planned or is eliminated as a thing unsuitable for clarification of automobile exhaust, not to mention 
it. Especially the concrete proposal for the clarification of exhaust gas effective enough about the 
case of low exhaust gas temperature is not explained to these descriptions. 
In view of this point, the technical problem of this invention avoids the fault in the plasma 
chemistry-approach and the catalyst- approach for flue gas treatment, and is to both use the advantage 
of law. 

According to this invention, this technical problem is solved by a series of processes of having 
followed claim 1 or claim 12. The equipment by this invention is realized claim 18 and by using 
claim 3 1 about an engine. The two alternative- approaches or the related advantageous amelioration 
proposal of equipment is shown in the subordinate claim. 

In this invention, the reactor and catalyst for performing actuation of the discharge which inserted 
the dielectric, the shape of a pulse, direct-current corona discharge, and a nonthermal ordinary 
pressure discharge in gases (it is also called a "discharge in gases" for short below) still like pulse- 
like glow discharge arrange to the flow direction of exhaust gas, and are arranged in it. Compared 
with the European Patent application disclosure No. 659465 description, direct contact for the 
plasma and a catalyst does not exist in this case. In order to use this invention within the ambient 
atmosphere of an oxidizing quality like [ in diesel exhaust gas ] [ the European Patent application 
disclosure No. 659465 description ] for reduction of NO similarly, addition of a reducing agent is 
performed in front of dregs discharge or a catalyst, however ~ without the activity of this invention 
is limited to diesel exhaust gas ~ the ambient atmosphere of all oxidizing qualities ~ setting ~ for 
example, nitrogen oxide (NO) or a nitrogen dioxide (N02) ~ that is, generally sharp reduction of 
oxidation harmful matter, such as nitrogen oxides, is enabled 

In this invention, conditioning of the exhaust gas within a discharge in gases is useful to "activation" 
for alternative catalyst-reduction. The latter has been used for rear-spring-supporter validity for 
many years for clarification of the flue gas of a thermal power station. Within the limit of this 
invention, it is guided by the discharge in gases, for example, a part of NO oxidizes to N02 first. NO 
which can perform by little energy expenditure and remains by the configuration and actuation of a 
reactor with this suitable according to for example, the German patent application disclosure No. 
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19525749 description or a 19525754 description in this case is succeedingly returned with a nitrogen 
dioxide. 

It is based on the information referred to as that it will make this invention possible in temperature 
lower than required temperature if there is no N02 which is the oxidation product of NO which 
originally is not desirable in eye others as if in alternative catalytic reduction about decomposition of 
not only being especially decomposed in early and low temperature very mostly and far rather than 
NO but NO. As a resultant of alternative catalyst-reduction with NH3 as a reducing agent of NO and 
N02, when H20 and N2 use a hydrocarbon (CxHy) as a reducing agent, C02 is predicted 
additionally. Other activation reactions are possible. For example, although the product in which 
stability is inferior in or a little also from a reducing agent with a discharge in gases is formed, this 
makes alternative catalytic reduction possible at temperature lower than possible temperature in an 
original reducing agent. 

The energy expenditure for oxidation can be further reduced by technical treatment of a reactor by 
supplying a hydrocarbon into exhaust gas by the concentration from NO by the discharge in gases to 
N02 which is mostly equivalent to the concentration of NO. Control of a combustion process or 
additional impregnation into hot exhaust gas can perform this. When using a HC-SCR-catalyst, this 
may also be a reducing agent simultaneously. In this case, the mixture of various hydrocarbons like 
each hydrocarbon or gasoline containing especially a double bond or oxygen, or diesel fuel is set as 
the object of examination for [ for better oxidation of NO ] catalytic reduction alternative again. 
The consumption of average energy can be kept low in within the limit [ of this invention ] by 
controlling a discharge in gases based on an engine load, a rotational frequency, and the 
characteristic curve about the mean temperature of a catalyst. Above the critical temperature for the 
alternative catalytic reduction of NO, it is unnecessary in discharge actuation and, less than [ it ], the 
energy expenditure per unit weight of NOx in exhaust gas increases with lowering of temperature. It 
says because more NO(s) must be changed into N02 in order to keep the rate of reduction constant. 
A thing is [ making it a conversion rate be always 50% or less of the first NO content in this case ] 
advantageous, in order to carry out the emasculation of the simultaneous reduction with NO and 
N02, and in order to avoid generation of the ammonium nitrate produced in the reaction of loose 
N02 and NH3 compared with the above-mentioned reduction reaction. 

To add a reducing agent in advance of a discharge in gases, at the time of actuation of a discharge in 
gases, it is not decomposed by the discharge in gases and a reducing agent needs to warn to only 
activate. If this point is guaranteed, as compared with other proposals, the following advantages will 
be acquired within the limit of this invention. Namely, the oxidation catalyst will oxidize to N02 in 
high temperature in the range to which NO was restricted especially. However, it is required for the 
SCR catalyst which follows in this case, for example, the hydrocarbon contained in exhaust gas and 
a reducing agent like CO are removed from exhaust gas nearly thoroughly, and it goes up with lifting 
of temperature for the conversion rate from NO to N02 to be inconvenience. Therefore, a discharge 
in gases opens possibility that it was unrealizable at all until now, only by catalyst processing 
especially for activation of a reducing agent. 

Therefore, when you have no discharge in gases, activation usually makes low threshold temperature 
for a catalyst-process possible rather than required. It is important for activation within harmful 
matter, a reducing agent, or the discharge in gases of other components of exhaust gas to be 
performed in the temperature field far beyond the temperature for alternative catalyst-reduction in 
connection with this. Consequently, exhaust gas can be made to be able to cool for example, before 
catalyst-processing, therefore in a discharge in gases, and the activity field of catalyst-reduction can 
be expanded additionally. Since hot heat loss is clearly larger than it in low temperature, hot exhaust 
gas which makes reduction already impossible for catalyst-oxidation of a reducing agent or it 
damages a catalyst needs to be cooled still more strongly than the gas higher than the threshold 
temperature for a catalyst-process to ****. 

Other advantages of this invention are leading an additional reaction channel which was described 
above to the higher rate of reduction also in the temperature interval of whenever [ usual catalytic 
activity ] by open Lycium chinense. although this rate of reduction that increased is not conspicuous 
in the usual design for obtaining the greatest rate of reduction ~ a practical temperature requirement 
— setting ~ the case of the same exhaust gas mass flow rate ~ reduction of the catalyst volume ~ or 
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when the volume of a catalyst is the same, more exhaust gas mass flow rates are made possible. 
According to the latest research, it experiments also in the catalyst for alternative catalyst- 
disassembly (SCD=selective catalytic decomposition) of the harmful matter which does not need a 
reducing agent. 

With combination with the plasma activation to precede, the applicability of such a catalyst approach 
for disassembling harmful matter was expanded. Unlike an old premise, in here, the plasma does not 
contact the wallplate of a catalyst. Consequently, it is desirable second to restrict selection of a 
catalyst ingredient in the first place, and to place the time amount for a chemical reaction among 
many processing processes. 

Other details and advantages of this invention become clear by the following explanation called at 
drawing connected to the claim. 

In attached drawing Drawing 1 : Drawing showing the principle of the approach of this invention, 
Drawing 2 : Drawing showing the modification of drawing 1 Drawing 3 , drawing 4 : Drawing 
showing the possibility of emission gas purification Drawing 5 , drawing 6 : Drawing showing the 
possibility of reduction material decomposition Drawing 7 - drawing 1 0 : Drawing showing the 
experimental result for explaining this invention Drawing 1 1 : It is drawing showing the engine 
driven by the approach of this invention. 

In drawing, the sign which is identitas, thru/or ****s is given to the same part. These drawings shall 
be explained together selectively. 

The gestalt of the easy series circuit of each functional module for purifying exhaust gas A has 
shown the principle of this invention to drawin g 1 . Exhaust gas A is introduced in a module 1 
through a conduit 3. This module 1 is equipped with the area for a discharge in gases, and the 
terminals 1 1 and 12 which perform feed for a discharge in gases, exhaust gas A after activation — 
further — connection — it is led to the module 2 which has equipped SCR or the SCD catalyst 
through a conduit 4. Exhaust gas A is well-informed about the open air after catalyst-clarification, 
for example, is emitted through the exhaust pipe 5 of an automobile. 

In drawing 2 , in order to improve effectiveness of operation, two or more modules 1 and 2 of each 
which consist of the discharge-in-gases area and catalyst area of a piece, respectively are connected 
to the serial by turns, consequently, two or more units 6 which consist of one discharge-in-gases 
module 1 each and one catalyst module 2 each in a series circuit — therefore, required connection — 
it exists with the conduit 4. 

The first possibility for purifying exhaust gas A is shown in drawing 3 . Using a storage tank 3 1 , 
****** 32, a conduit 33, and the sound 34 constituted suitably, by adding the reducing agent of 
optimum dose ahead of the discharge-in-gases module 1 , the approach which clarified the principle 
by drawing 1 and drawing 2 is improved, and the effectiveness improves on a actual target. The 
format of the sound 34 for the installation to the flow of exhaust gas A is adjusted according to the 
method of liquefied or clarification of the gas reducing agent R. In the case of the equipment of 
drawing 2 , the addition of the reducing agent in the front of each discharge-in-gases module 1 is 
controlled separately. 

The alternative-configuration for emission gas purification is shown in drawing 4 . In this case, a 
reducing agent R is added between the discharge-in-gases module 1 and the catalyst module 2. When 
realizing the equipment according to drawing 2 which connected with the serial a majority of each 
units which consist of a discharge-in-gases area and a catalyst area, addition of the reducing agent in 
each unit 6 is performed by controlling separately. 

In order that drawing 5 and drawing 6 may purify a reducing agent R, a configuration is shown, for 
this reason one clarification module 7 exists, respectively. That is, especially in drawing 5 , 
clarification is performed within the conduit 33 for exhaust gas A. In this case, the clarification 
module 7 includes the catalyst or the discharge-in-gases area. In drawing 6 , clarification is 
performed in the exhaust gas path 4 to this. 

An easy combination of the discharge-in-gases module 1 and the SCR catalyst module 2 which 
drawing 7 showed p as a function of temperature [ of exhaust gas ] T (degree C) whenever 
[ reduction / of NO ], and ammonia was used as a reducing agent in this case, and followed drawing 
1 is used. The gas mixture object processed as exhaust gas A is 82% of N2, and 13% of 02. It 
consists of 5% of H20 and 500 ppm NO, and 500 ppm NH3. The space velocity within the catalyst 
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module 2 is 1 1 ,000h-l . The reducing agent R was mixed in the front of the discharge-in-gases 
module 1 . A curve 7 1 shows the result of the experiment for which the curve 72 used the 
combination of a discharge in gases and a catalyst for the result of the experiment which used the 
catalyst, respectively. 

the ammonia produced in the process according to drawing 7 carries out leakage appearance of 
drawing 8 , and it shows s (ppm) as a function of temperature T (degree C). It begins to leak here, s 
means the component of the reducing agent which was not consumed, and the criteria about 
effectiveness are given with this value. Since the amount of a reducing agent R is made to usually 
suit by consumption, lower leakage **** on actual is called for. The curve 82 is reproducing the 
experimental result of the combination of a discharge in gases and a catalyst as a result of an 
experiment according [ a curve 81 ] to a catalyst independent. 

the bottom of the boundary condition same by the same approach as in [ to rate / of NOx / of 
reduction p (%), and drawing 10 / in the NH3 concentration c (ppm) / as a function of exhaust gas 
temperature T (degree C) ] drawing 7 in drawing 9 — however, the case where 500 ppm ethylene is 
added as an additional hydrocarbon additive is shown. Curves 9 1 and 92 reproduce the result 
depended to a catalyst or a discharge independent here, and a curve 93 shows the result of the 
combination of a discharge in gases and a catalyst to the sum of curves 91 and 92, and the last to 
this. [ in / in a curve 94 / the operating method of this invention ] 

In the case of the equipment explained by drawing 1 -6, a catalyst can be used from the phase of 
denitrification in the electric power plant which uses NH3 as a reducing agent. The ZSM-5-zeolite 
for which the copper cation was exchanged similarly is available, and this zeolite works as a 
reducing agent with a hydrocarbon (CxHy), however also has the possibility as a SCD catalyst again. 
For example, the hydrocarbon which is the component of each exhaust gas of the combustion engine 
which has not burned can be used. In addition, the catalyst which returns nitrogen oxide with the 
reducing agent of arbitration on the basis of alternative catalyst-reduction (SCR) can be used. When 
the efficient discharge-in-gases process in energy is activated for catalyst-[ exhaust gas ]-first 
clarification in all ******, this process already advances in efficient low temperature. 
As a reducing agent [ finishing / demonstration ], matter like an ammonia (NH3) urea (NH2) (2CO) 
or a hydrocarbon (CxHy) is set as the object of examination in the field of alternative catalyst- 
reduction of nitrogen oxides, for example. However, although not used until now for reduction of 
NO, the matter suitable for returning NO under reduction of N02 or existence of N02 can be used 
again. A reducing agent R can be added also after a discharge in gases also before a discharge in 
gases again. Addition in the front of a discharge-in-gases module has the effectiveness led to 
activation of the reducing agent by the discharge in gases together with formation of N02. the inside 
of the catalyst to which the reducing agent R was connected ahead of the discharge-in-gases module 
- the conduit of a reducing agent — it is also possible to carry out conditioning so that it may be 
carried out in close or within after [ addition ] exhaust gas **** of a reducing agent in hydrolysis of 
a urea. 

The above-mentioned viewpoint was checked by the experimental result in the series circuit of the 
discharge and the SCR catalyst which inserted the dielectric. The catalyst and ammonia which are 
used in the field of denitrification in a thermal power station in the case of this measurement were 
used as a reducing agent. 

The measurement curve of an approach according to this invention is shown in drawing 7 -10 as a 
function of temperature T as compared with the catalyst and the well-known curve by discharge by 
the independent ordinary pressure. It turns out that the improvement clear in all cases is made, 
each - the comparison with drawing 7 to the curve 72, and a curve 71 — about 1 1,000 — the case 
where in the case of a predetermined space velocity of h-1 70% to 92% and temperature T are 180 
degrees C when the temperature T of the rate p of reduction of nitrogen oxide is 200 degrees C ~ 
50% to 88% - increment ****-- things are clear. 72% thru/or 81% of rate of reduction is attained by 
the discharge-in-gases module by which front-end connection was made also out of the case or the 
well-known activity temperature requirement (170 degrees C - 430 degrees C) of a catalyst of 140 
degrees C and 160 degrees C. 90% of nitrogen oxides are already returned without a discharge 
module by going up temperature at 250 degrees C. By connecting a discharge module additionally, 
the rate of reduction increases to 95%. 
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It is clear to decrease clearly from drawing 8 compared with catalyst module independent processing 
in which leakage **** of ammonia follows a curve 81 according to a curve 82 with the combination 
of a discharge area and a catalyst area. Thereby, improvement in the effectiveness of the SCR 
method was checked. 

By mix the ethylene of the hydrocarbon in which that plasma chemistry-property has a typical 
property over the hydrocarbon which exists for example, in diesel exhaust gas into the exist exhaust 
gas mixture, in the combination of the discharge plasma and a catalyst module, big buildup of the 
rate p of reduction is bring about, and, as a result, the oxidation to N02 within a discharge in gases 
from NO advances more effectively. For this reason, the curve 9 1 about a catalyst and the curve 92 
about the decomposition reaction of discharge are shown in drawing 9 . The rate p of reduction of a 
catalyst increases from 1% to 63% with lifting to 100 degrees C to 200 degrees C of operating 
temperature. When not using the catalyst which follows, at the time only of a discharge-in-gases 
area, the rates p of reduction are few and are only about 25% regardless of temperature T. 
A curve 94 shows that 1% and 1 1% of rate of reduction catalyst independent [ to NO ] increases to 
69% and 83% with the combination of a discharge in gases and a catalyst only by the slight energy 
expenditure for making temperature into 100 degrees C and 130 degrees C. In the temperature T of 
160 degrees C, 1 80 degrees C, and 200 degrees C, the rate p of reduction is improved from 27%, 
47%, or 63% to 95%, respectively. In this case, ammonia begins to leak simultaneously, s also 
decreases and this is shown in the detail at drawing 10 . the leakage appearance to which the NH3 
concentration p (ppm) shown in drawing 10 as an axis of ordinate follows drawing 7 — carrying out - 
- corresponding — this case ~ a curve 101 — a catalyst ~ the result of an independent experiment and 
the curve 1 02 are reproducing the result of the experiment by the combination of a discharge module 
and a catalyst. 

It is clear to decrease substantially from drawing 10 compared with processing only by the catalyst 
which the ammonia according to a curve 102 begins to leak, and s shows to a curve 101 by the 
combination of discharge and a catalyst similarly in the experiment in those without the ethylene 
which is a hydrocarbon like a model. This shows improvement in the effectiveness by the above- 
mentioned approach for a well-known technique again. 

The presentation chosen as model exhaust gas in the above-mentioned experiment is equivalent to 
the fundamental presentation of diesel exhaust gas when the diesel power plant is operating with 
middle load. Being able to divert the experimental result to some other purpose to the diesel power 
plant in the limitation, using the above-mentioned approach and attached equipment has brought 
about the distinct improvement to the well-known related technique. For this reason, required costs 
are maintained in tolerance. 

The practical implementation gestalt of the equipment of the above-mentioned approach and 
attachment for diesel power plants is especially shown in drawing 1 1 . 

The unit 14 for the power control unit 13 which has the power circuit part of the attachment for 
making the engine 8 which has equipment which consists of combination of the modules 1 and 2 
which have a discharge-in-gases area in one side, and have a catalyst area in another side generate a 
discharge in gases according to drawing 1 , and engine control is attached. The data lead wire for 
digital one for control of a reducing agent R, for example, the electronic control device of urea 
injection, with a sign 15 by the sign 16, 16', and 16" and/or an analog signal is shown. A sign 17, 17', 
and 1 7" are the signal lead wire of a measurement signal. 

The discharge in gases within exhaust gas A and addition of a reducing agent R are controlled 
according to an engine situation. The engine control unit 14 is connected to eternal data memory, for 
example, EEPROM, and the well-known characteristic curve of an engine 8 is memorized in this. 
Furthermore, the measurement means of weighted solidity exists, namely, a control of the sensor 21 
for an electronic thermometry sake — required - alternative - a sensor 22 ~ preferably 
electrochemical — again --**-- in order that an optical sensor may define the concentration of a 
reducing agent R — further ~ a sensor 23 ~ preferably electrochemical ~ it is ~ it is ~ an optical 
sensor is formed in order to ask for the concentration of NOx and HC. 

a nonthermal ordinary pressure discharge in gases and alternative catalyst-reduction (SCR) — or the 
combination with catalyst-decomposition (SCD) alternative again — therefore, amelioration 
extensive for activation of emission gas purification is brought about. Drawing 9 is again referred to 
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about this point. It is clear that it cannot be returned to the superposition result of the curve 93 whose 
curve 94 equivalent to the combination of each processing result is the simple sum of two NO 
decomposition processings from the sum total of the result in SCR without plasma activation 
according to a curve 91 and a result plasma treatment independent [ according to a curve 92 ]. In 
practice, it leads to enhancement of the catalyst-[ the process of the plasma activation which is 
divided spatially and in time and is performed ] decomposition which stated separately first. 

[Translation done.] 
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